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I. Experimental Details
General considerations:
Unless indicated otherwise, reactions performed under inert atmosphere were carried out in oven-dried glassware in a glovebox under a nitrogen atmosphere purified by circulation through RCI-DRI 13X-0408 Molecular Seives 13X, 4x8 Mesh Beads and BASF PuriStar® Catalyst R3-11G, 5x3 mm (Research Catalysts, Inc.). Solvents for all reactions were purified by Grubbs' method. 1 Unless otherwise noted all chemical reagents were purchased from commercial sources and used without further purification. AgOTf, 2,3-dichloro-5,6-dicyano-1,4-benzoquinone and benzo-15-crown-5 were purchased from Sigma Aldrich and used as received. 2,6-di-tert-butyl-4-methylpyridine, 4-tert-butylphenol, 2-nitroaniline, and [2,2,2]-diazobicyclooctane were purchased from Sigma Aldrich and sublimed prior to use. PhICl 2 , 2 BnK, 3 1, 4 4, 4 8 4 , and Fetizon's reagent (Ag 2 CO 3 on Celite) 5 were prepared using literature procedures. Assignments of NMR spectra are given corresponding to the following numbering scheme: 
Synthesis of bis(benzo-15-crown-5)potassium [1,4-bis(2-(diisopropylphosphino)phenyl)-2,3-semicatecholate]tricarbonylmolybdenum(0) (9)
To a solution of 1 (0.0623 g, 0.0924 mmol) in THF (2 mL) was added dropwise a solution of BnK (0.0118 g, 0.0906 mmol) in THF (2 mL). Upon complete addition, a solution of benzo-15-crown-5 (0.0507 g, 0.189 mmol) in THF (2 mL) and the mixture was stirred at room temperature for 30 minutes. The volatiles were then removed under reduced pressure, and the resulting residue was triturated with Et 2 O (5 mL) and the solid collected on a pad of celite. The solid was then dissolved in benzene (5 mL), filtered through celite, and concentrated in vacuo to afford the desired product as an orange powder (0.0756 g, 66% To a solution of 8 (0.0998 g, 0.238 mmol) in THF (2 mL) was added dropwise a solution of BnK (0.0309 g, 0.237 mmol) in THF (2 mL). Upon complete addition, a solution of benzo-15-crown-5 (0.1351 g, 0.504 mmol) in THF (2 mL) and the mixture was stirred at room temperature for 30 minutes. The volatiles were then removed under reduced pressure, and the resulting residue was triturated with Et 2 O (5 mL) and the solid collected on a pad of celite. The solid was then dissolved in benzene (5 mL), filtered through celite, and concentrated in vacuo to afford the desired product as an orange powder (0.1213, 51% 
S7
General procedure for determining the pK a of compounds 1, 2, 3 and 8
The pK a values for compounds 1, 2, 3, and 8 were determined via 1 H NMR spectroscopy and are the average of triplicate self-consistent trials, as has been described previously. The compound of interest was combined with an acid or base of known pK a and the equilibrium populations were determined via 1 H NMR spectroscopy. All compounds exhibit rapid proton exchange on the NMR time-scale, such that the chemical shift can be used to determine the mole fraction of the species in solution via the equation χ A = (δ eq -δ A )/(δ A -δ B ), where χ A is mole fraction of the acid, δ e is the equilibrium chemical shift and δ A and δ B are the chemical shifts of the pure acid and the pure conjugate base, respectively. The value of χ A was determined using well-resolved 1 H NMR signals, with good agreement observed between the independent calculations. The value used to determine the equilibrium concentration was the average of the independent caluclations. Once the equilibrium concentrations were determined, the equilibrium constant between the compound of interest and the acid/base of known pK a was determined, and by using Hess's law the pK a of the Mo complex (or 8) was determined. The following acids/bases were used to determine the unknown pK a 's: 4-tert-butylphenol (pK a = 27.45) for compound 1 and 8; [2,2,2]-diazobicyclooctane (pK a = 18.60) for compound 3; 2-nitroaniline (pK a = 4.80) for compound 2. Representative 1 H NMR spectra of equilibrium mixtures used to calculate pKa's are given in Figure S27 . 
S8
11 and TEMPOH: Compound 11 (0.0100 g, 0.0239 mmol) and TEMPOH (0.0075 g, 0.0477 mmol) were combined in CD 3 CN (0.6 mL) in a 1 dram vial and thoroughly mixed for 30 seconds until all of 11 had solubilized. The solution was then transferred to an NMR tube and the 1 H and 31 P NMR spectra were recorded, showing generation of compound 8 ( Figure S26) . The solution turned from a red orange to a pale pink within minutes. Figure S1 .
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II. Nuclear Magnetic Resonance Spectra
1 H NMR spectrum of 2 in CD 3 CN at 25 °C. 1 H NMR spectrum (left) and 31 P NMR spectrum (right) of 2 and 2 equiv. TEMPO in CD 3 CN at 25 °C after 10 min. S17 Figure S25 .
1 H NMR spectrum of 8 and 2 equiv. TEMPO in CD 3 CN at 25 °C after 10 min.
Figure S26.
1 H NMR spectrum of 11 and 2 equiv. TEMPOH in CD 3 CN at 25 °C after 10 min. b Irreversible oxidation potential for conjugate base determined via square-wave voltammetry.
c Calculated using equation (1) .
d Reversible oxidation event.
IV. Crystallographic Information
CCDC 1469761-1469764 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
Refinement Details
In each case, crystals were mounted on a glass fiber or nylon loop using Paratone oil, then placed on the diffractometer under a nitrogen stream. Low temperature (100 K) Xray data were obtained on a Bruker APEXII CCD based diffractometer (Mo sealed X-ray tube, K α = 0.71073 Å) or a Bruker PHOTON100 CMOS based diffractometer (Mo microfocus sealed X-ray tube, K α = 0.71073 Å). All diffractometer manipulations, including data collection, integration, and scaling were carried out using the Bruker APEXII software. 6 Absorption corrections were applied using SADABS. 7 Space groups were determined on the basis of systematic absences and intensity statistics and the structures were solved by direct methods using XS 8 , by intrinsic phasing using XT (incorporated into SHELXTL), or by charge flipping using Olex2 9 and refined by full-matrix least squares on F 2 . All non-hydrogen atoms were refined using anisotropic displacement parameters. Hydrogen atoms were placed in the idealized positions and refined using a riding model. The structures were refined (weighed least squares refinement on F 2 ) to convergence. Graphical representation of structures with 50% probability thermal ellipsoids was generated using Diamond visualization software. Figure S28 . Structural drawing of 3 with 50% probability ellipsoids. Hydrogen atoms, and additional three Mo complexes and three triflate anions of the asymmetric unit are omitted for clarity. Carbon and fluorine atoms are shown in black and green, respectively.
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Special Refinement Details for 3:
One of the four triflate anions was positionally disordered and satisfactorily modeled as approximately a 50:50 mixture using "PART", "SAME", and "EADP" cards in SHELX. Two isopropyl groups were also positionally disordered and satisfactorily modeled as approximately 70:30 mixtures using "PART" cards in SHELX. Two DMF solvent molecules were highly disordered and could not be adequately modeled even with constraints. The electron density of these molecules was removed using the "solvent mask" function in Olex2. Special Refinement Details for 5a: Two acetonitrile solvent molecules were highly disordered and could not be adequately modeled even with constraints. The electron density of these molecules was removed using the "solvent mask" function in Olex2. Figure S30 . Structural drawing of 5b with 50% probability ellipsoids. Hydrogen atoms are omitted for clarity. Carbon and fluorine atoms are shown in black and green, respectively. Figure S31 . Structural drawing of 6 with 50% probability ellipsoids. Hydrogen atoms are omitted for clarity. Carbon atoms are shown in black.
